Analysis (GC and GC/MS) of an essential oil sample obtained from dry leaves of Nepeta × faassenii Bergmans ex Stearn, a hybrid species produced by crossbreeding N. mussinii Spreng. with N. nepetella L., led to the identification of 109 constituents that represented 95.9% of the oil. The major constituents were 4aα,7α,7aα-nepetalactone (67.8%), 1,8-cineole (6.6%), germacrene D (4.8%), β-pinene (2.7%), (E)-β-ocimene (2.6%), 4aα,7β,7aα-nepetalactone (2.3%) and (E)-β-farnesene (1.0%). Chemical composition of the oil was compared, using multivariate statistical analyses (MVA) with those of the oils of other Nepeta taxa, in particular N. mussinii and N. nepetella. This was done in order to explore the mode of inheritance of the monoterpene biosynthetic apparatus of N. faassenii. Chemical composition of the volatiles of a Nepeta taxon (different populations) can be subject to variation due to environmental and geographical factors. To accommodate this fact in the MVAs, along side with N. faassenii essential oil, additional 6 oils (3 different populations of N. nuda L. and N. cataria L. from Serbia) were included in this study (isolated and analyzed (chemically and statistically)). The MVA analyses recognized N. faassenii as being closely related to both N. mussinii and N. nepetella. If the relative content of oil constituents per plant and not per chromatogram were used as variables in the MVA (this was done by simple multiplication of the yields and relative percentages of components) a higher degree of mutual similarity (in respect to the monoterpene biosynthesis) of N. faassenii to N. mussinii, than to the other parent species, was observed.
The genus Nepeta L., Lamiaceae, includes over 200 species of perennial plants and some annuals [1] . The members of this genus are known as catnip or catmint because of the purported effect on cats, pleasantly stimulating cats' pheromonic receptors, typically resulting in temporary euphoria [1] . The active substances of catnip plants, some of which have a sedative effect on humans, have been widely used in medicine, food industry and perfumery. They are also used in folk medicine as remedies for bronchitis, flu, cold and other illnesses. Number of catnips have sudorific, diuretic and bacteriostatic properties, reduce fever and help treat stomach-aches [1, 2] . Generally speaking, Nepeta species are essential oil-rich taxa, and some of them contain more than 1% of the essential oil [2, 3] . Moreover, many of them are cultivated as garden plants. In order to produce new, interesting garden/ornamental plants, many Nepeta species have been crossbred repeatedly. The aim of the breeding processes is not only creating plants with an appalling look, but also producing larger amounts of biologically active compounds [2] . One of the outcomes of these experiments is the sterile hybrid Nepeta × faassenii Bergmans ex Stearn, which has been produced by crossbreeding N. mussinii Spreng. with N. nepetella L. [4] .
Nepeta × faassenii is cultivated in Europe, C Asia and Persia, and is used as a spice and an ornamental plant [4] . There is only limited data on the composition of the volatile oil of the mentioned hybrid taxon [3a] . For this reason, the aim of this study was set to analyze in detail (GC and GC/MS) the essential oil of N. faassenii and to compare its chemical composition, using multivariate statistical analyses (MVA: agglomerative hierarchical cluster analysis (AHC) and principal component analysis (PCA)) with those of the oils of other Nepeta taxa, in particular N. mussinii and N. nepetella. Having in mind that the monoterpene diversity and morphology could serve as a mirror of the gene flow [5] , multivariate analyses were primarily done in order to provide an insight into the inheritance of the chemical characters for this taxon.
The chemical composition of the essential oils of a Nepeta taxon (different populations) can be subject to variation due to environmental and geographical factors. To accommodate this fact in the MVAs, along side with N. faassenii essential oil, additional 6 oils (3 different populations of N. nuda L. and N. cataria L. from Serbia) were included in this study (isolated and analyzed (chemically and statistically)). Table 2 ).
Almost 200 different compounds, representing 95.9-99.1% of the total oils, were identified in the 7 presently analyzed samples (Table 1) . Typical TIC chromatograms of the analyzed samples are depicted in Figure 1 . Chemical compositions of the analyzed N. nuda and N. cataria oils were in general agreement with the literature data [3a,g] . Major compounds identified in N. faassenii oil were 4aα,7α,7aα-nepetalactone (67.8%), 1,8-cineole (6.6%) and germacrene D (4.8%). Additional 4 compounds with the relative amount higher than 1% of were: β-pinene (2.7%), (E)-β-ocimene (2.6%), 4aα,7β,7aα-nepetalactone (2.3%) and (E)-β-farnesene (1.0%). As already mentioned, monoterpene profiles of hybrids and their parent taxa could serve as a mirror of the gene flow [5] . We wanted to verify this hypothesis in the case of N. faassenii, and decided to use essential oil composition as a reflection of the inheritance of the biosynthetic apparatus of this hybrid taxon.
For that reason, chemical compositions of the herein analyzed samples and 29 other oils originating from different Nepeta taxa (Table 2) , including the two previously studied oils of N. faassenii and 8 oils of the parent species N. nepetella and N. mussinii, were compared using multivariate statistical analysis (MVA: AHC and PCA), The dendrogram depicted in Figure 2 , obtained as the result of AHC analysis performed using original variables (percentage composition of the oils, AHC1), delimitates three statistically different classes of samples, C1-C3. Class C1 (4aα,7α,7aα-nepetalactone class) groups all samples with a high relative amount of 4aα,7α,7aαnepetalactone (more than 65%).
Oils obtained from N. nepetella (N. nep1-N. nep3), as well as the two N. faassenii samples (N. faas1 and N. faas2) were also grouped within this class. The mutual feature of the oils, including two N. mussinii samples, clustered within the C2 ((4aα,7α,7aβ-nepetalactone class)) was the high relative amount of 4aα,7α,7aβ-nepetalactone (>70%). The remaining class (C3) was much more heterogenic with respect to the dominant components of its comprising samples. One sample of N. faassenii (N. faas3) and 3 samples of the N. mussinii oil were placed within the same subclass of C3.
Germacrene D, (E)-β-ocimene, 4aα,7α,7aβ-nepetalactone, 4aα,7α,7aα-nepetalactone, 4aα,7β,7aα-nepetalactone and 1,8-cineole were among the dominant components of these N. faassenii and N. mussinii oils. According to the results of AHC1, one could speculate that in general, the hybrid N. faassenii is, as far as the monoterpene biosynthesis is concerned, generally more similar to N. nepetella than to its other parent species (C1). The placement of one N. faassenii oil sample outside of the C1 class might be possibly explained by the existence of more than one chemotype of this hybrid.
It could be even possible that the crossbreeding might not give identical N. nepetella x N. mussinii hybrids all of the time. However, although N. faassenii, N. nepetella and N. mussinii oils didn't share the same amounts of (different) nepetalactones. For this reason, additional MVA analyses, using transformed variables were preformed to answer this situation. In the first transformed set of variables (MVA2: AHC2 and PCA2) 4 nepetalactone diastereoisomers were not used as individual variables, but were replaced with one collective variable (the sum of the relative abundances of the 4 nepetalactones). The results of AHC 2 are given in Figure  3 . The three observed statistically different groups of samples (C4-C6) are not identical with those from AHC1, but can be correlated to a certain level. Once again, the N. faassenii oils were not placed within the same class of the resulting dendrogram. The sample N. faas3 (collected from the same botanical garden as N. faas2), characterized with a high percentage of germacrene D, (E)-β-ocimene, was again recognized as statistically different, as might be expected. Except for this sample and N. muss5, all other N. faassenii, N. nepetella and N. mussinii oils were not recognized as statistically different (C4, AHC2).
It has been previously shown that not only the identity of the dominant essential oil constituents is important for the comparison and classification of plant species, but the oil yield as well [6] . Therefore, an additional set of variables, taking into account the yields of the compared oils, was used for the MVAs (MVA3, for each sample, the relative amount of the every original variable was multiplied with the corresponding oil yield, to reflect the per plant and not per chromatogram relative amount of the volatile constituents). MVA3 were performed using a slightly reduced set of observations, as the yields of all oils listed in Table 2 were not given in the original references. The resulting dendrogram of the AHC3 is given in Figure 4 . This time, all oil samples of N. faassenii were placed within the same class (C7), together with N. mussinii oils. Contrary to that, N. nepetella samples were recognized as statistically different and were grouped within C9. As can be seen from Table 2 , the yields of N. faassenii and N. mussinii oils were comparable and fall within the interval 0.1-0.2% (the only exception was N. muss4), whereas the yields of N. nepetella oils were significantly higher (0.8-1.2%).
Alongside with the AHCes, the samples listed in Table 2 were analyzed by PCA, using the same three sets of variables (original and transformed). The results of PCA1-PCA3 were almost identical. As can be seen from a typical byplot of the PCA (PCA1, original variables), given in Figure 5 , values of F1 and F2 factors for all analyzed N. faassenii, N. nepetella and N. mussinii oils were very similar, suggesting a high level of likeness of the mentioned samples.
It could be interesting to mention that all performed MVA analyses (AHC1-AHC3 and PCA1-PCA3) generally showed that oils of the "control" species (N. nuda and N. cataria) were not statistically different (except for the N. cat4) within the taxon. Thus, one could conclude that the oil composition of these Nepeta taxa were not susceptible, at least not significantly, to external factors (environmental and geographical). For this reason, it is not unreasonable to assume that the statistically significant differences in the chemical composition of the all herein analyzed Nepeta oils could, at least partially, reflect the differences of corresponding taxa on the biosynthetic/genetic level. Having all the above stated in mind, some general conclusions regarding the inheritance of the monoterpene biosynthetic apparatus of N. faassenii could be drawn. Considering only the chemical composition of the analyzed oils, both AHC and PCA (Figures 2, 3 and 5) recognized, as expected, N. faassenii as closely related to both N. mussinii and N. nepetella. It could be even speculated that the hybrid can unselectively inherit the monoterpene biosynthetic apparatus from both of its parent species (AHC1 and AHC2). Nevertheless, when the chemical composition of the compared oils was not the only compositional data taken into account, but also their corresponding yields (AHC3), a higher degree of mutual similarity (with respect to the monoterpene biosynthesis) of N. faassenii to N. mussinii, than to its other parent species, was observed.
Experimental
Plant material: Above-ground parts of N. faassenii were collected in the botanical gardens, Trinity College, Dartry, Dublin 6. Nepeta nuda was collected from three different locations in SE Serbia (slopes of the Suva planina mountain (Donji Dušnik), the Ploče highland and the vicinity of the city of Niš (village Knez selo)), in August, 2010. Above-ground parts of N. cataria were collected in the vicinity of the city of Pirot, the slopes of the mountain Rtanj and the vicinity of the city of Niš (village Knez
